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me sunaoe of an amorphous silicon film with a 
solution containing a catalyst element capable 
of accelerating the crystallization of the 
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BACKGROUND OF THE INVENTION 
[Field of the Invention] 



after as "TFTs") are well known and are widely used 
in various types of integrated circuits or an electro- 
optical device, and particularly used for switching ele- 
ts provided to each of pixels of an active matrix<- 



cs of the amorphous sil- 
jsly poor. The use of a 
Ihin film of polysilicon (polycrystalline silicon), which 
is a crystalline silicon, can solve the problem. Crys- 
talline silicon is denoted as, for example, polycrystal- 



as gaseous hydrogen or nitrogen using an elec- 
containing catalyst elements therein In a plas- 
na CVD apparatus of a parallel plate type or positive 

;e of the catalyst elements 
lemiconductor is not prefer- 
red, because the use of such semiconductors greatly 
impairs the reliability and the electric stability of the 



That is, the catalyst elements are necessary in 
the crystallization of the amorphous silicon film, but 
are preferably not incorporated in the crystallized sil- 
icon. These conflicting requirements can be accom- 
plished by selecting an element which tend to be in- 
le catalyst element, 



high precision. 

The crystallization process using nickel or t 
like was studied in detail. The following findings wf 



The crystalline silicon film can be prepared by first 
forming an amorphous silicon film, and then heat 
treating the resulting film for crystallization. 

The heat treatment for the crystallization of the 
amorphous silicon film requires heating the film at a 
temperature of 600 °C or higher for a duration of 10 

glass commonly used for the su 
trix liquid crystal display devices has a glass dh 
tion point of 593 °C, and is therefore not suitabli 



depth of the amorphous silicon film before sub- 
jecting the film to a heat treatment; 

(2) The initial nucleation occurs from the surface 
from which nickel is incorporated; and 

(3) When a nickel layer is deposited on 
phous silicon film, thi 




a temperature of 600 °C 

According to the study of the present 

at the crystallization of an ; 

silicon film ( 

"Cfora duration of about4! 



That is, ifalarge amount ofnickel is 
exists an excess amount of the nicfo 
function effectively. For this reason, the invento 




of nickel, i.e., a catalyst element 
crystallization of the 
amorphous silicon, can be incorporated in the vicinity 
of the surface of the amorphous silicon film by, for ex- 
ample, vapor deposition. However, vapor de 
is disadvantageous concerning th 
the film, and is therefore not suitable for precisely 



3 



EP0651431A2 



SUMMARY OF THE INVENTION 




ufactured are described in the following description 
but it should be noted that the invention is not limited 
described therein, i.e. the invention is 
promoting crys- 
:by wayofasol- 

Therefore according to a fifth aspect of the pres- 



quantity thereof. 

ne aspect of the present in- 
vention, the foregoing objects can be achieved by 
a catalytic 



the steps of: forming an amor- 
n an insulating surface; crystalliz- 
! said silicon film; and oxidizing a surface of said sil- 

gate insulating film. 



with the 

amorphous silicon with said catalytic els 
compound being in contact therewith, thereby, the sil- 
icon film is crystallized. 

Preferably but not essentially, a solution contain- 
ing the catalytic element is provided in contact with an 
amorphous silicon film in order to introduce the cata- 
nt into the amorphous silicon film. 




by examination of its crystalline 
planes even if the region which was catalysed subse- 
quently has been removed. Therefore, according to a 
th embodiment of the invention there is provided a 



3d from the group consisting of Ni, Pd, Pt, Cu, 
Ag, Au, In, Sn, Pd, Sn, P, As and Sb into a silicon sem- 
iconductor film or a portion thereof at a trace amount 
by contacting a solution containing said material with 



ictofthepr 
tion there is provided a meth< 
semiconductordevice comprising the steps of: adding 
a crystallization promoting material into a first region 
of a silicon film formed on a surface, by disposing a 
solution containing said crystallization promoting ma- 
terial in contact with a selected portion of the silicon 



grow from said fir: 
the silicon film to which said crystallization promoting 
material is not directly added. 

According to a fourth aspect of the present inven- 
tion there is provided a method of manufacturing a 
semiconductor device comprising:preparing a solu- 
tion containing a compound dissolved or dispersed in 



said silicon film by heating. 

The present invention also extends to a semicon- 
ductor device having at least an active region com- 
prising crystalline silicon and to a method of manufac- 



ment of the present invention there is provided a 
method of manufacturing a semiconductor device, 
said method comprising seeding a first region of a sil- 
icon substrate and heating said substrate to grow 
crystals laterally from said first region to a second re- 

By utilizing the silicon film having a crystallinity 
thus formed, it is possible to form an active region in- 
cluding therein at least one electric junction such as 
PN, PI or NI junction. Examples of semiconductor de- 
vices are thin film transistors (TFT), diodes, photo 
sensor, etc. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing objects and features of the present 
invention will be described in detail with reference to 
the attached figures In which: 

Figs. 1A to 1 D are cross sectional views for form- 




Fig. 4 is a graph showing a SIMS data with re- cause the catalyst element adsorbed by the si 

spectto nickel in a silicon region into which nickel face of the amorphous silicon film principally co 

is directly added; tributes to the crystals 

Fig. 5 is a graph showing a SIMS data with re- The word "including" or 



grow along the lateral direction from the region ei 
intowhich nickel is directly added: asolutionor(b)thatthecatalyticelementiscontained 
Figs. 6Ato 6E show cross sectional views show- in a solution in a form of a compound. As a solution, 



Fig. 9 is a F 

spect to a region where crystals grow in a lateral 
direction; 

Figs.10A-10Farecrosssectionalviewsshowing 20 chloride, chloroformor 

a manufacturing process of an electro-optical de- polar solvent. Examples of nickel compoundssuitable 




! 4 of the present for a non-polar solvent are nickel acetyl acetonate 



agent to a solution containing a catalytic element By 
doing so, the solution can be adhered to and adsor- 
bed by a surface at a higher efficiency. The interfacial 
active agent may be coated on the surface to be coat- 
ed in advance of coating the solution. 



with Example 8 of the present invention; and 
Figs. 1 5Aand 1 5B are schematic diagrams show- 
ing an arrangement of an active layer of a TFT in 
accordance with Example 8 of the present irrven- 





idef ilm is preferably formed on the amorphous silicon 
OF THE INVENTION film so that the solution can be provided thereon uni- 

formly. The thickness of the oxide film is preferably 
1 00 A or less. Also, it is possible to add an interfacial 
active agent to the solution in order to increase a wet- 
ting property. 

Further, it is possible to conduct a rubbing treat- 
ment on the surface of the thin oxide film in order to 
give the surface an irregularity with a uniform gap, 
width and direction. Such irregularity helps the sol- 
vent to permeate, thereby, increasing the uniformity 
of the size and directions of crystal grains. Also, such 



1 a uniformity of device ch 
Also, when using a non-polar solvent such as tol- 
ene for obtaining a solution of 2-ethyl he 
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nickel, the solution can be directly formed on the sur- 
face of an amorphous silicon film. However, it is pos- 
sible to interpose between the amorphous silicon film 
and the solution a material for increasing the adhesiv- 
ity therebetween, for example, OAP (containing hex- 
amethyl di! 

by Tokyo Oka Kogyo) which is us 
sivityofaresist. 



solution depends on the kind of the solution, however, 
roughly speaking, the concentration of the catalyst 
element such as nickel by weight in the solution is 1 
ppm to 200 ppm, and preferably, 1 ppm to 50 ppm, 
and more preferably 1 0 ppm or lower. The concentra- 
tion is determined based on the nickel concentration 



ric acid of the film upon completion of the crystalliza- 
tion. 

The crystal growth can be controlled by applying 



heating the silicon film in a direction approximately 
parallel with the plane of the silicon film from the re- 
gion onto which the solution is directly applied toward 
the region onto which the solution is not applied. 
It Is also confirmed thi 



itration of the impurity 
region is preferably as low as possible, 
the use of the lateral growth region for 



el (Ni), p 



m (Pd), p 



(Pt), copper(Cu), silver (Ag), gold (Au), in 
(Sn), phosphorus (P), arsenic (As), and antimony 
(Sb). Otherwise, the catalyst element may be at least 
one selected from the elements belonging to the 
Group VIII, 1Mb, IVb, and Vb of the periodic table. 

EXAMPLE 1 

The present example refers to a process for fab- 
ricating a crystalline silicon film on the surface of a 
glass substrate. Referring to Figs. 1A-1 D, the process 
for incorporating a catalyst element (nickel in this 
case) into the amorphous silicon film is described be- 
low. A Corning 7059 glass substrate 100 mm x 100 



a thickness of 1,000 A by plas- 



Then, the amorphous silicon film is subjected to 
hydrofluoric acid tre 

film 13 on the amorphous sil 
offrom 10to50 A. Anatural oxidefilm maybe utilized 
as the oxide film. The precise thickness of the oxide 
film 1 3 is not available because the film is extremely 
thin. However, the natural oxide film is assumably 
about 20 A in thickness. Theoxide film 1 3 is deposited 
by irradiating an ultraviolet (UV) radiation in an oxy- 
gen atmosphere for a duration of 5 minutes. The oxide 
film 13can be formed otherwise by thermal oxidation. 
Furthermore, the oxide film can be formed by a treat- 

The oxide film 13 is provided with an aim to fully 
spread the acetate solution containing nickel, which 
is to be applied in the later step, on the entire surface 
of the amorphous silicon film. More briefly, the oxide 
film 13 is provided for improving the wettability of the 



)us acetate solution containing nickel at 
3n of 10 to 200 ppm, e.g. 100 ppm, Is pr< 
milliliters of the resulting acetate solutio 
:o the surface of the oxide film 13 on th 
silicon film 12, ar 



«, preferably for a 
duration of 0.5 minutes or longer, e.g. for a duration 
of 5 minutes. Spin drying at 2,000 rpm using a spinner 
is effected for 60 seconds thereafter to remove the 
sn (Figs. 1Cand 1D). 
concentration of nickel in the acetate solu- 
actically 1 ppm or more, preferably,10 ppm 



In case of using the organic 
13 need not be incorporated I 
>e directly applied 



lining nickel on the surface of the 
n film 12 uniformly to a thickness of 
several angstrom to several hundreds angstrom after 
the spin dry. The nickel contained in this film will dif- 
fuse into the amorphous silicon film during a heating 
process carried out later and will function to promote 



the way, itisthi 
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have to be in the form of s 
that is, it may be discontinuous, for example, in the 
form of number of clusters. 

The amorphous silicon film coated with one of the 
above solutions is kept as it is thereafterfor a duration 
of 5 minutes. Thef inal concentration of nickel catalyst 
element in the crystallized silicon film 12 can be con- 



in film is the concentration of the nickel catalyst 
element in the solution. 

The silicon film coated with a nickel-containing 
solution thus obtained is subjected to heat treatment 
at a temperature of 550 °C for a duration of 4 hours 
in a nitrogen atmosphere in a heating furnace. Thus, 
a thin film of crystalline silicon 12 is formed on the 
substrate 11, 

The heat treatment can be effected at any tem- 
perature of 450 °C or higher. If a low temperature is 
selected, however, the heat treatment would con- 
sume much time and result in a poor production effi- 
ciency. If a heat treatment temperature of 550 °C or 
higher were to be selected, on the other hand, the 



entire surface of the substrate by effecting spin coat- 
ing using a spinner at 50 rpm for a duration of 1 0 sec- 
onds. Then, after maintaining the state for a duration 
of 5 minutes, the resulting structure is subjected to 
spin drying using a spinner at a rate of 2,000 rpm for 
Dn of 60 seconds. During the retention time, 

of 100 rpm or lower (Fig. 2B). 

The amorphous silicon film 12 is crystallized 
thereafter by applying heat treatment at 550 °C for a 
duration of 4 hours in gaseous nitrogen. It can be 
seen that the crystal growth proceeds along a lateral 
direction from the region 22 into which nickel is intro- 
duced as shown by arrow23 toward the region 25 into 
which nickel is not directly introduced. 

In Fig. 2C, the reference numeral 24 shows a re- 
gion in which the nickel is directly int 



EXAMPLE 2 

The present example i 
to that described in Exami 
oxide film 1,200 A in thickn 
to incorporate nickel into selected regions of the 
amorphous silicon film using the silicon oxidefilm as 




proximately parallel with the substrate surface al- 
though it depends upon the film thickness; and 
(c) the growth direction of the crystals are sub- 



posited to 



in oxide film is de- 



m 12. The sil 



i a thickness of 1,000 A 
sn amorphous sili 
con oxide film 21 , however, may 
A, e.g. 500 A if the film is 
mask. The silicon oxidef ilm21 is patterned into a pre- 
determined pattern thereafter by means of a conven- 
tional photolithography technique. Athin silicon oxide 
film 20 is formed by irradiating a UV radiation in oxy- 
gen atmosphere for ,5 minutes. The thickness of the 
silicon oxide film 20 is presumably from about 20 to 
50 A (Fig,2A). The function of the silicon oxide film 
thus formed for improving the wettability of the amor- 



{hklj (h+k=l), for exs 
{145}, {156}, {257}, or 

It should be noted 



{111} and th 

iple, {110}, {123}, {134}, {235}, 
r {167}, or the neighborhood 




odd mixing, a forbidden reflection occurs and it can 
not be observed with the electron diffraction. 

Fig. 3 shows the relation between the distance 



mtrationoflOO ppm 
from Fig. 3 that a 
" of about 10 
by using an aqueous acetate sol- 



The datum plotted in Fig. 3 are for the case that 
the structure was held for a duration of 5 mi 
ter applying the nil 





the increment tends to saturate with increasing reten- 
tion time to 5 minutes or longer. 

Furthermore, it should be noted that temperature 
greatly inf 



concentration of the region 25 in Fig. 2C, i.e., the re- 
gion in which crystal growth occurred along the lateral 
direction from the region 22. 

By comparing the data of Fig. 4 with that of Fig. 



region in which the crystal growth occurs along the 
pared with that of the region into which nickel is intro- 



Bd silicon film in the re 
nickel is introduced directly ce 
level of 10 18 cm -3 by using an aqueous acetate solu- 

Conclusively, it is understood that the nickel con- 
centration in the crystalline silicon region in which the 
crystal growth occurs along the lateral direction can 
n- 3 or lower by using an aqu- 



tration of 1 0 ppm and effecting the heat treatment at 
550 °C or higher for a duration of 4 hours or longer. 

on, it is possible to control the concen- 



>1x10«atom 
the density of the solution and the retention time and 
further to maintain the concentration of the nickel in 
the lateral growth region 25 below that. 

For comparison, a sample is prepared through a 
process in which, instead of using a nickel containing 



plasma which is produced by using an electrode con- 
taining an amount of nickel in order to add the nickel 
into the silicon (this is called as a plasma treatment). 



s. The condition of the 



in the ca 




the lateral growth region is higher than 5 x 10" 
atoms/cnv» which is undesirably high for an active re- 
i of a semiconductor device. Accordingly, it is to be 

ib use of a solution is advantageous 

for minimizing the concentration of the nickel in the 
' growth region. 
Fig. a shows a result of Raman spectroscopy with 
respect to the region corresponding to Fig. 4, namely, 
the region where the nickel is directly introduced. Fig. 



area, the intensity of the Raman spectrum 
is more than 1/3 of the intensity of the single crystal 
silicon. Accordingly, it is concluded that the crystallin- 
ity in the lateral growth region is also high. 

The crystalline silicon film thus fabricated by the 
process according to the present invention is charac- 



against a hydrofluoric acid is poor. When it is neces- 
sary to pattern a silicon oxide film which is formed 
over the crystalline silicon film for forming a contact 
hole therethrough, a hydrofluoric acid is usually used 
as an etchant. If the crystalline silicon film has a suf- 
ficiently high resistance against the hydrofluoric acid, 
a large selection ratio (the difference in the etching 
rate of the silicon oxide film and the crystalline silicon 
film) can be objected so as to remove the silicon oxide 
film alone. Accordingly, a crystalline silicon film hav- 
ing high resistance against attack of hydrofluoric acid 
is of great advantage in the fabrication process of a 
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30 to 60 minutes. 

The crystallization of the silicon region 104 can 
be accel erated by irrad iating a laser beam using a KrF 
excimer laser (operating at a wavelength of 248 nm 



a crystalline silicon film fabricated by the process ac- 
cording to the present invention. The TFTs thus ob- 
tained can be applied not only to liquid crystal display 
devices, but also to a wide field generally denoted as 
thin film integrated circuits (ICs). 

Referring to Figs. 6Ato 6E, the process forfabri- 

atlngaTFT 

:ribed beta 
figure) is de 



film by a treatment using hydrofluoric acid, a thin film 
of an oxide film is formed to a thickness of about 20 
AbymeansofUVim 



oxide film thereon is co 

in of 10 

ppm. The resulting structure is retained fara duration 
of 5 minutes, and is subjected thereafter to spin dry- 
ing using a spinner. The silicon oxide film is removed 
thereafter using a buferred hydrofluoric acid, and a 
silicon film is crystallized by heating the resulting 
structure at 550 °C fora duration of 4 hours. The proc- 
ess up to this step is the same as that described in Ex- 



afterforat 
nessof1,000A.Th 
gate insulating film (Fig. 6A). 

The silicon oxide film 105 is 
of RF plasma CVD process using TEOS (te 
ysilane). That is, TEOS is decomposed and then de- 
posited together with oxygen at a substrate tempera- 
ture of 150 to 600 "C, preferably in the range of 300 
to 450 °C. TEOS and oxygen are introduced at a pres- 
sure ratio of 1:1 to 1 :3 under a total pressure of 0.05 
to 0.5 Torr, while applying an RF power of 100 to 250 
W. Otherwise, the silicon oxide film can be fabricated 

using TEOS as the starting gas together with gaseous 



in the range of from 350 to 600 °C, preferably, in the 
range of from 400 to 550 °C. The film thus deposited 
is annealed in oxygen or under ozone in the temper- 
ature range from 400 to 600 °C for a duration of from 



decreases the interface level between the silicon lay- 
er and the silicon oxide film. 

Subsequently, an aluminum film is deposited to 
a thickness of from 2,000 Ato 1 urn by electron beam 
vapor deposition, and is patterned to form agate elec- 
trode 106. The aluminum film may contain from 0.15 
to 0.2 % by weight of scandium as a dopant. The sub- 
strate is then immersed into an ethylene glycol solu- 
tion controlled to a pH of about 7 and containing 1 to 
3% tartaric acid to effect anodic oxidation using pla- 
tinum as the cathode and the aluminum gate elec- 
trode as the anode. The anodic oxidation is effected 
by first increasing the voltage to 220 V at a constant 
rate, and then holding the voltage at 220 V for 1 hour 
to complete the oxidation. In case a constant current 



ed ata rate of from 2to 5 V/minute. An 
anodic oxide 109 is formed at a thickness of from 
1 ,500 to 3,500 A, more specifically, at a thickness of, 
for example, 2,000 A in this manner (Fig. 6B). 

Impurities (specifically in this case, phosphorus) 
<e silicon film of the 

TFT in a 
doping) u 

Phosphine (PH 3 ) is us 
p hosphorus at a dose of f rom 1 x 1 0 1 6 to 4 x 1 0's cm-*. 

The crystallinity of the portion whose crystallinity 
is impaired by the introduction of impurities is cured 
by irradiating a laser beam using a KrF excimer laser 
operating at a wavelength of 248 nm and a pulse 
width of 20 nsec. The laser is operated at an energy 
density of from 150 to 400 mJ/cm2, preferably, in a 
m 200 to 250 mJ/cm 2 . Thus are formed re- 
type impurity regions (regions doped with phos- 
phorus) 10B. The sheet resistance of the regions is 
found to be in the range of 200 to 800 n/square. 
This step of laser annealing can be replaced by 



mRTApn 



itingthe 



thickness of 3,000 Aas an interlayerdielectric 11. 
means of plasma CVD using TE 
gen, or by means of reduced pr 
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substrate temperature is maintained in the range of 
250 to 450 °C, for instance, at 350 °C. A smooth sur- 
face is obtained thereafter by mechanically polishing 



a silicon oxide film 205 of 500 - 2000 A, for example 
1000 A is formed on the amorphous silicon film suc- 
cessively. Further, the silicon oxide film 205 is selec- 
tively etched in order to form an opening 206 at which 



to 111 (Fig. 6D). 

ic 110 is etched to form 
ss in the source/drain as shown in Fig. 6E, 




not only under the opening 206 where 
n ickel is d irectly added but also at a portion where 
The patterning of the 
silicon film should be done in such a manner that the 




manufacture of the TFT in accordance with this ex 



pie glass sub; 



to Fig. 1 



:te201,fc 



nd provided with a sil- 
icon oxide film 202 on its surface. The silicon oxide 
film 202 is formed through a plasma CVD with oxygen 
and tetraethoxysilane used as starting gases. The 
thickness of the film is 2000 A, for example. Then, an ss 
amorphous silicon film 203 of an intrinsic type having 
a thickness of 500 - 1500 A, for example, 1000 A is 
formed on the silicon oxide film 202, following which 



n, 100%) at 400 °C. At 
silicon oxide film 209 is irradiated with an infrared 
light having an intensity peak at a wavelength in the 
range of 0.6 - 4 urn, for example, 0.8 - 1.4 urn for 30 
- 180 seconds in order to nitride the silicon oxide film 
209, HCI may be added to the atmosphere at 0.1 to 
1 0 %. A halogen lamp is used as a light source of the 
infrared light. The intensity of the IR light is controlled 
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nd is transferred back to the 
IR light source (feed back). In the present example, 
the temperature rising rate is kept constant in the 
range of 50 - 200 °C/sec. and also the substrate is 
cooled naturally at 20 - 1 00 °C/sec. Since the IR light 
can heat the silicon film selectively, it is possible to 
minimize the heating of the glass substrate. 

Referring to Fig. 1 0C, an aluminum film is formed 
by sputtering method to a thickness of 3000 - 8000 A, 
for example, 6000 A and then patterned into a gate 
electrode 210. The aluminum film may preferably 

Referring to Fig. 10D, the surface of the alumi- 
num electrode 210 is anodic oxidized to form an anod- 
ic oxide film 211 in an ethylene glycol solution con- 
taining a tartaric acid at 1 - 5 %. The thickness of the 
oxide film 211 is 2000 A, which will determine the size 
;h is to be formed in a later 



Referring then to Fig. 10E, using the gate elec- 
trode and the surrounding anodic oxide film as a 
mask, an N-type conductivity impurity (phosphorous, 
here) is introduced into the active layer in a self- 
aligning manner by ion doping method (also called as 
plasma doping method) in order to form impurity re- 
gions 212 and 213. Phosphine (PH 3 ) is used as a do- 
pant gas. The acceleration voltage is 60 - 90 kV, for 
example, 80 kV. The dose amount is 1 x 1 0 < 6 - 8 x 1 0'» 
cm- 2 , for example, 4x10'= cm- 2 . As can be seen in 
the drawing, the impurity regions 212 and 21 3 are off- 
set from the gate electrode by a distance "x". This 



« 214 and 215 are 



rent (off current) which oc 
verse bias voltage (i.e. a negative voltage in the ca 
of an NTFT) to the gate electrode. In particular, sin. 
it is desired that electric charges stored in a pixel ele 




in the case of KrF excimer laser are: energy density 
is 200 - 400 mJ/cm 2 , for example, 250 mJ/cm 2 , a num- 
ber of shots is 2 - 1 0 shots per oni 



450 °C to enhance the effect 

Referring to Fig. 10F, an interlayer insulating film 
214 of silicon oxide is formed through a plasma CVD 
to a thickness of 6000 A. Further, a transparent poly- 
imide film 215 is formed by spin coating to obtain a 




those of the pn 

Referring to Fig. 11A, a base film 202 of silicon 
oxide is initially formed on a Corning 7059 substrate 
201 by sputtering to 2000 A thick. The substrate is an- 
nealed at a temperature higher than a distortion point 
of the substrate following which the glass is cooled to 

of 0.1 - 1 .0 °C/minute. Thereby, it is possible to reduce 
a contraction of the substrate due to a substrate heat- 
ing which occurs later (for example, thermal oxida- 
tion, thermal annealing), as a result, a mask align- 



formation of the base film 201. In the case of using 
the Corning 7059 substrate, the substrate may be 
heated at 620 - 660 °C for 1 - 4 hours, following which 
it is cooled at 0.1 - 0.3 °C and taken out from a furnace 
when the temperature decreases to 400 - 500 °C. 

Then, an intrinsic (l-type) amorphous silicon film 
is formed to 500 - 1 500 A thick, for example, 1000 A 
through plasma CVD. The amorphous silicon film is 



crysta 



ant explanation will be 



After the crystallization, the silicon film is patterns 



208 in the form of an island is formed as an i 
er of a TFT as shown in Fig. 1 1 A. 

Referring to Fig. 11B, the surface of t 
film is oxidized by exposing the surface to 



izing atmosphere contains an aqueous vapor at 7 
90 %. The pressure and the temperature of the 
mosphere is 1 atm and 500 - 750 °C, typically 600 ' 
The atmosphere is produced by a pyrogen ic reaction 
from oxygen and hydrogen gases with a hydro- 
gen/oxygen ratio being 1 .5 - 1 .9. The silicon film is ex- 
for3-5hours. 
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the surface of the silicon film is reduced (eaten) by 50 
A or more due to the oxidation, an effect of a contam- 
ination of the upper most surface of the silicon film 



In other words, by the oxidation, it is possible to obtain 
a clean silicon-silicon oxide interface. Also, since the 
thickness of the silicon oxide film is two times as the 
thickness of the portion of the silicon film to be oxi - 
dized, when the silicon film is originally 1 000 Athick 



Generally, the thinnerasilicon oxidefilm (gate in- 




he thickness of 

an Improvement of characteristics of the active lay- 
in amorphous cc 



film tend to be oxidized during the thermal oxidation, 
resulting in a decrease in recombination centers con- 
tained the active layer. 

After the formation of the silicon oxide film 209 



m containing 0.01 to 



and 600 °C for 2 hours. 

Referring to Fig. 11C, as 
0.2% phosphorous is deposii 
CVD to 3000 - 8000 Athick, forexample, 6000 A, and 
then patterned into a gate electrode 21 0. Further, us- 
" 1 0 as a mask, an N-type con- 
irtionofthe active 
ion doping. Phos- 
phine is used as a dopant gas. The doping condition 
is substantially the same as in the Example 4. The 
dose amount is, for example, 5 x 10 16 cm- 2 . Thus, re- 
type impurity regions 212 and 213 are formed. 

lg is performed with a KrF 



i a near infrared ray. The near in- 
frared ray is absorbed by crystalline silicon more ef- 
fectively than by amorphous silicon. Accordingly, the 
annealing with the near infrared ray is comparable 



strate from be 



absorbed by a c 
ray of which wavelength ranges from 0.5 - 4 urn are 
not so absorbed. 

Referring to Fig. 1 1 D, an interlayer insulating film 
214 of silicon oxide is formed to 6000 A thick by a 
plasma CVD. A polyimide may be us 
icon oxide. Further, contact holes ar< 
the insulating film. Electrode/wirings217and218are 
formed through the contact holes by using a multilay- 
er of titanium nitride and all 
annealing in a hydrogen al 
350°Cand1 atmfor30mi 
pleted. 

The mobility of the thi 
cmWs. The S value is 0.2 - ( 
case of forming a P-channel type TFT by doping bor- 
on into source and drain regions, the mobility is 90 - 
120 cmWs and the S value is 0.4 - 0.6 V/digit. The 




a TFT as a switching element Refer- 
ence numeral 62 shows peripheral driver region(s) in 
which driver TFTs are provided in order to drive the 
TFTs of the pixel area. The pixel area 63 and the driver 
region 62 are united on the same substrate 61 . 




con oxide surface in 
scratches there. 
Referring to Fig. 



3A, a Corning 7059 su 
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raving a silicon ox 



as a base film 18 is pro- 
is formed by sputtering 
to a thickness of 2000 A for example. On the silicon 
oxide film, an amorphous silicon film 12 is formed by 
plasma CVD to a thickness of 300 - 800 A, for exam- 
ple, 500 A. Subsequently, the surface of the amor- 
phous silicon film is treated with a hydrofluoric acid 
in order to remove a contamination or a natural oxide 
formed thereon. After that, a silicon oxide film of 10 - 
1 00 A thick is formed by exposing the substrate in an 
oxygen atmosphere with the surface being irradiated 
with a U V I ight (not shown). The oxidation may be car- 
ried out with a hydrogen peroxide treatment or ther- 

Then, fine scratches (unevenness or irregularity) 
are formed on the silicon oxide film by a rubbing treat- 
ment as shown by reference numeral 1 7. The rubbing 
treatment is carried out with a diamond paste. How- 



a uniform direction, width and gap. 

After the rubbing treatment, a film of i 
ate is formed by spin coating in the same 
in Example 1. The nickel acetate so 



Referring to Fig. 13B, the amorphous silicon film 
is then furnace annealed at 550 »C for 4 hours in a ni- 
lel.Thus, acrys- 
m is obtained. The grain sizes and ori- 
19 of the gr 



a substrate 201 made of Corning 7059 glass (10 cm 
square). Then, an amorphous silicon film 203 is 
formed by plasma CVD to a thickness of 300 - 1000 
A, for example, 500 A on the silicon oxide film 202. 

The thus formed amorphous silicon film is crys- 
tallized by the process assetforth in Example 7. After 
the thermal crystallization, a laser annealing is per- 
formed in order to improve the crystallinity with a Kr 
excimer laser (248 nm wavelength) having a power 
density 200 - 350 mJ/cm s . As a result, amorphous 



After the crystallization, the silicon film 203 is 
atterned into an island form silicon film 208 as 
lown in Fig. 14B. At this time, the location and the 
reotion of the sil 



im in Figs. 15Aand 15B. 




i the channel region. For ej 
a numberofTFTs, a leak current prop- 

and direction of the grains co 



sn be 35 

controlled by changing a density of the diamond 
paste. Since it is difficult to observe the 



size of the gra 
size of the channel or is smaller than that. When the 
channel is sufficiently larger than grains, this disper- 
ion is averaged and is not observed significant!: 
For example, if there is no grain boundary in 

an be expected that the TFT has an elec- 
same as that of a single 
crystalline TFT. On the other hand, wl 



In the case of Example 1 1 



When TFTs are arranged in s 
its drain currentflows in a direction along the 
direction, since crystals lengthen along the 
direction, the number of grain boundaries incl 



The present example is directed to a manufactur- 55 
ing process of TFTs for switching pixels of an active 
matrix in accordance with Example 7. Figs. 14A-14E 
are cross sectional views showing the manufacturing 



grain boundaries are aligned with the direction 
drain current as shown in Fig. 15A. On the 1 
as shown in Fig. 15B, if a drain currentflows 
rection perpendicular to the rubbing direction, 
I. This is be 
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the width of the grains 1 9 are approximately constant 
and the number of grains existing in the channel re- 
gion 26 can be made constant. In conclusion, it is de- 
sirable to arrange the active region 208 in such a way 
that a drain current of a TFT flows in a direction per- 
pendicularto the direction of grain boundaries, i.e. the 
rubbing directions. Moreover, the rubbing treatment 
makes the size of crystal grains uniform, which re- 



minum electrode is used as 



film 211 is 





a gate insulating film 209 through plasma CVD. 

Then, an aluminum containing Si at 1 weight % or 
Sc at 0.1 to 0.3 weight % is sputter formed to 1000 A 
to 3 urn, for example 5000 A, following which it is pat- 
terned into a gate electrode 210. The aluminum eleo- 

using an ethylene glycol solution containing a tartaric 
acid at 1-3 %. The pH of the electrolyte is about 7. A 

The voltage is 



>l. This material a 
luring the heating for the crystallization be- 
ie decomposition temperature thereof is rel- 



sd to a thickness of 1 500 - 3500 A, for 



Referring to Fig. 14C, an impurity having one 
conductivity type (boron) is introduced into the silicon 
island through an ion doping method with the gate 
electrode 210 used as a mask in a self-aligning man- 
ner. Diborane (B 2 H 6 ) is used as a dopant gas. The 
dose amount is 4- 1 0 x 1 0' s cm-*. The acceleration vol- 
tage is 65 kV. Thus, a pair of impurity regions (p-type) 
212 and 213 are obtained. 

212 and 213 are 

wavelength, 20 nsec. pulse width). The energy den- 
sity of the laser beam is 200 - 400 mJ/cm 2 , preferably, 
250 - 300 mJ/cm*. 

Referring to Fig. 14D, an interlayer insulating film 
214 made of silicon oxide is formed through plasma 
CVD to a thickness of 3000 A. Then, a contact hole is 
formed on the impurity region 212 (source) through 
the interlayer insulating film 214 and the gate insulat- 
ing film 209 by etching. Ai 




tion and then dri 

lie of the al- 
intofthe 

solution used forforming the film may be smaller than 
in the case when a water solution is used. In this case, 
a drop of 2 ml with respect to 100 mm square is ap- 
he subsequent steps forforming the crys- 




1 . A method for manufacturing a semiconductor de- 



containing a catalyst for promoting a crystalliza- 
tion of said silicon film; and 

crystallizing said silicon film by heating. 

. The method of claim 1 wherein said catalyst com- 
prises a material selected from the group consist- 
ing of nickel (Ni), palladium (Pd), platinum (Pt), 
copper (Cu), silver (Ag), gold (Au), indium (In), tin 
(Sn), phosphorus (P), arsenic (As), and antimony 
(Sb). 



While the present invention has been disclosed in 
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6. The method of claim 1 wherein the catalyst is at toluene, xylene, carbon 
least one element selected from the Group VIII, 
1Mb, IVb, and Vb of the periodic table. 

7. The method of claim 1 wherein said silicon Film is 




9. The method of claim 8 wherein concentration of 
the catalyst which is introduced into the silicon 
film is controlled by changing said predetermined 

10. A method for manufacturing a semiconductor de- 
vice comprising the steps of: 

disposing a solution in contact with a por- 
tion of a silicon film on a substrate, said solution 
containing a material selected from the group 
consisting of nickel (Ni), palladium (Pd), platinum 
(Pt), copper (Cu), silver (Ag), gold (Au), indium 
(In), tin (Sn), phosphorus (P), arsenic (As), and 
antimony (Sb); and 

crystallizing said silicon film by heating. 



he method of claim 10 wl 



chloride, nickel iodide, nickel nitrate, ni 
fate, nickel formate, nickel acetyl acetonate, 4 
cyclohexyl butyric acid, nickel oxide and nicke 




tals grow from said first region to' 
region of the silicon film to which said crystalliza- 
tion promoting material is not directly added. 

13. The method of claim 12 wherein concentration of 35 22. The method of claim 21 wherein said crystalliza- 
said material which is introduced into the silicon lion promoting material is contained in the first re- 
film is controlled by changing said predetermined gion of the silicon film at a higher concentration 
period. than in the second region after said heating. 



e in said second region. 



group consisting of nickel (Ni), palladium (Pd), 
platinum (Pt), copper (Cu), silver (Ag), gold (Au), 
indium (In), tin (Sn), phosphorus (P), arsenic 
(As), and antimony (Sb). 



17. The method of claim 14 wherein said solution in- 
cludes a solvent selected from the grou p consist- 
ing of Water, alcohol, acid, ammonium, benzene, 
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mosphere with light after said oxidizing. 



up consisting of wa- 



on an insulating surface, wherein said silicon film 
contains a catalyst element which promotes a 
crystallization of an amorphous silicon film. 



bromide, nickel acetate, nickel oxalate, nickel m 37. The device of claim 36 
carbonate, nickel chloride, nickel iodide, nickel ni- ment comprises a material selected from the 

trate, nickel sulfate, nickel formate, nickel acetyl group consisting of nickel (Ni), palladium (Pd), 

acetonate, 4-cyclohexyl butyric acid, nickel oxide platinum (Pt), copper (Cu), silver (Ag), gold (Au), 

indium (In), tin (Sn), 
is (As), and antimony (Sb). 




39. The device of claim 36 
eludes at least i 
PI, PN and NI. 

40. The device of claim 36 wherein said catalyst ele- 
tration in the range of 1 x 10 ,s atoms/cm 3 to 1 x 



41. The device of claim 36 wherein a peak intensity 
ofa Raman spectroscopy with respect to said sil- 
icon film is 1/3 or mora than a peak intensity of a 
Raman spectroscopy with respect to a single 
crystal silicon. 

42. The device of claim 36 wherein a crystal growth 
direction of said si 
aligned with [111] ax 

acetyl acetonate, 2-ethyl hexanoic acid nickel, 40 43. The device of claim 36 wherein a surface of 
nickel bromide, 4-cyclohexyl butyric acid, nickel silicon film has at least one of planes {1 1 1 }, th 

oxide and nickel hydroxide. 



33. A method for manufacturing an insulated gi 



44. The device of claim 43 wherein the planes ex 



steps of: pressed by {hkl) are {110}, {123}, {134}, {235}, 

forming an amorphous silicon film on an {146}, {156}, {257}, and {167}. 

insulating surface; 

crystallizing said silicon film; and 45. A semiconductor device including at least an ac- 

cidizing a surface of said silicon film in an 50 live region comprising crystalline silicon formed 

on a substrate, wherein a surface of said silicon 
film has at least one of planes {111}, those ex- 
pressed by {hkl} (h+k=l), and a neighborhood 

46. The device of claim 45 wherein the planes ex- 
pressed by {hkl} are {110}, {123}, {134), {235}, 
35. The method of claim 33 further comprising treat- {145}, {156}, {257}, and {167}. 
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. Claims 1-32: Method of manufacturing a semiconductor device 

by crystallizing a silicon layer in contact with 
a solution containing a crystallization catalyst. 



2. Claims 33-35: Method o 



4. Claims 45-46: Semico 



r 



